Shortly after Banting and Best's discovery of insulin (1), Harris (10) in 1924, on the basis of cases of hypoglycemia with symptoms similar to those of insulin shock and relievable by feeding, postulated the occurrence of spontaneous " hyperinsulinism " as opposed to the " hypoinsulinism " of diabetes. The first verification of this hypothesis appeared in 1927 in a report by Wilder, Allan, Power and Robertson (26) of a case of intractable hypoglycemia. The patient, on exploration, showed carcinoma of the islet tissue of the pancreas with metastasis to the liver. Insulin was demonstrated in the hepatic metastases. Two years later Howland, Campbell, Maltby and Robinson (12) reported the first case of pancreatic islet adenoma which was diagnosed preoperatively, identified at operation and excised with favorable result.
Shortly after Banting and Best's discovery of insulin (1), Harris (10) in 1924, on the basis of cases of hypoglycemia with symptoms similar to those of insulin shock and relievable by feeding, postulated the occurrence of spontaneous " hyperinsulinism " as opposed to the " hypoinsulinism " of diabetes. The first verification of this hypothesis appeared in 1927 in a report by Wilder, Allan, Power and Robertson (26) of a case of intractable hypoglycemia. The patient, on exploration, showed carcinoma of the islet tissue of the pancreas with metastasis to the liver. Insulin was demonstrated in the hepatic metastases. Two years later Howland, Campbell, Maltby and Robinson (12) reported the first case of pancreatic islet adenoma which was diagnosed preoperatively, identified at operation and excised with favorable result.
In the past few years the literature on hyperinsulinism has grown tremendously. A review by Whipple and Frantz (25) of all the published cases of hyperinsulinism and islet tumor has appeared very recently. According to their analysis of the 157 cases reported, 75 cases of hypoglycemia were ascribed to hyperinsulinism without verification at operation or autopsy. Of the 82 remaining cases in which the pancreas was examined, normal tissue was recorded in 13 instances, hypertrophy of the islands in 4 instances and chronic inflammatory change in 3, leaving 62 instances in which a tumor of the pancreatic islands was found. Analyzing further the 62 cases of tumor, exactly 50 per cent were incidental necropsy findings without recorded hypoglycemia. The group of 31 cases of tumor associated with hypoglycemia consists of 10 discovered at autopsy and 21 at operation. Among the last 21 cases, 4 were instances of carcinoma in which death occurred shortly after operation in 2 instances.
There remain 17 patients with adenoma, the excision of which led to eventual recovery. Thus in spite of frequent reports of hypoglycemia and hyperinsulinism, adenoma of the pancreatic islets, verified at operation with favorable outcome after extirpation of the tumor is a relatively rare condition. We are reporting the history of such a case together with the results of blood sugar and metabolism studies and biological assay of the tumor for insulin.
CASE REPORT
A Chinese man, M. T. L., aged 49 years, a mine foreman, was admitted to the Hospital on November 23, 1934 , for attacks of unconsciousness and convulsions. He apparently had been well until April 1930 when, on one occasion, his consciousness became clouded after he had been awakened suddenly at night. His normal mental state returned in 3 hours after he had been given food. A similar attack occurred in September of the same year after the omission of breakfast. On that occasion he showed, in addition, haphazard movements of his limbs and profuse perspiration. Feeding again brought him out of coma. In March 1931 a strenuous journey by bicycle was followed by weakness and stiffness of the legs and collapse from which he recovered promptly after taking food. He once went to sleep without supper, and at 4 o'clock the next morning became semicomatose and then delirious, moving his arms violently, running out of his room and shouting loudly. Thereafter the attacks became more frequent, recurring approximately once every one to three months. Involuntary urination occurred during one of the attacks.
In February 1934 generalized clonic convulsions were first noticed, accompanied by coma. Subsequently similar seizures recurred almost every night, usually between 2 and 4 a.m. According to the description given by his wife, the onset of the seizures was marked by a cessation of the snoring which occurred regularly during sleep and the opening of his eyes accompanied by staring and grimacing. Twitching movements first involved the lower limbs and then the upper. In the beginning the movements were slight and then more violent.
Occasionally the tongue was bitten. Each series of con-vulsions usually lasted a few minutes and would be followed by an interval of relative quietness during which the patient could be induced to swallow some carbohydrate foods which his wife had learned to feed him in order to abolish the attacks.
During the intervals between the attacks the patient apparently was The abdomen was opened through a left rectus incision extending from the xiphoid process to a point about 3 cm. below the umbilicus. The subcutaneous and omental fat was large in quantity and a portion of the greater omentum was excised in order to facilitate exposure. The usual exploration revealed the fact that the liver was small with smooth surfaces and a thin, almost knife-like edge. The gallbladder, stomach, duodenum, small intestine, appendix and colon all appeared normal. The spleen was small. It was difficult to palpate the kidneys on account of excessive perirenal fat.
A duodenal tube was passed to deflate the stomach, and the pancreas was approached through the gastrocolic omentum. Along the upper margin of the right half of the body of the pancreas at approximately the point of junction of the head and body lay a tumor 2.5 cm. in diameter which was somewhat firmer in consistency than the rest of the gland. It was dark red in color and was elevated slightly above the surface of the gland. It appeared to be contained within a thin capsule and was enucleated easily from its bed in the pancreas. Numerous large veins ran between the capsule and the substance of the gland and hemostasis presented some difficulty, ligatures and the coagulating current both being employed. An iodoform gauze drain was packed lightly into the denuded area, and two cigarette drains were placed down to the level of the pancreas. The gastrocolic omentum was closed by interrupted sutures of fine silk. The abdominal wall was closed in layers around the drains, the closure being reinforced by three stay sutures of silver wire.
Postoperative course. For some hours prior to and during the operation, as well as for some hours subsequently, the patient was given a 5 per cent solution of glucose in normal saline by means of a continuous intravenous drip (40 drops per minute). The blood sugar at 9 a.m. (before operation) was 59, and at 1 p.m. (shortly after operation) it was 158; later in the day it rose to 264 mgm. per cent and sugar appeared in the urine. Temperature 39.30 C.; pulse 130. Glucose by intravenous drip was discontinued and 400 cc. of citrated blood were given. On the next day the temperature went higher (40.4°C .), and the respirations increased to 34 per minute. Aside from slight cough and a few riles heard at the bases of both lungs, there was nothing to indicate a pulmonary complication. A moderate bloody discharge drained from the operative wound. One cigarette drain was removed. The white blood cell count was 8,850. The blood sugar was maintained between 175 and 245 mgm. per cent, and the urinary sugar totaled 4 grams in 24 hours. Insulin was started, and given in doses of ten units three times a day.
On the third day the fever began to subside, the general condition improving. The blood sugar was 238 to 300 mgm. per cent; the urine sugar 17 grams. The iodoform gauze drain was removed.
On the fourth day the patient was well enough to take a high caloric diet. The blood sugar was 276 mgm.
per cent and the urinary sugar totaled 22 grams. On the fifth day the temperature became normal. The last drain was removed and some serosanguineous discharge came from the wound. The hyperglycemia and glycosuria tended to diminish. Insulin was discontinued on the 7th day, and the blood sugar became normal and the urine sugar-free on the 9th day, before a calculated diabetic diet was started. From then on convalescence was uncomlplicated, the wound closing gradually and the discharge becoming less in amount. The patient was up and about three weeks after the operation and did not experience any of the symptoms which had been present previously. A number of the preoperative observations on blood sugar and metabolism were repeated, and the results are described later. Although the patient showed evidence of a slight diabetic tendency as indicated by a sugar tolerance test, he tolerated a full diet with a normal fasting blood sugar and without glycosuria. He was discharged on February 22, 1935 , in good condition except for a small sinus at the upper part of the wound which still drained thin fluid resembling pancreatic juice. His weight was 81.8 kgm., a loss of 14.9 kgm. compared with that on admission.
Examination on May 20, 1935, five months after operation, showed that the patient was well, and was without recurrence of the preoperative symptoms. The sinus had closed shortly after discharge. The Figure 1 appeared nodular, dark red in color, and firm in consistency, measuring 2.5 X 2.0 X 1.5 cm. in diameter. It weighed 4 .41 grams. The anterior surface was covered by a thin fibrous capsule, while its posterior surface, i.e., that portion of the tumor in contact with the gland, was studded with small areas of pancreatic tissue. The cut surface was grayish, cellular in appearance and showed many congested blood vessels. Microscopically the tumor consisted of a diffuse solid growth of cells which were uniform in size, well differentiated and morphologically identical with those of Langerhans' islands (Figure 2) . In some areas the cells were arranged in cords or trabeculae much like the structure of normal islands. Mitotic figures were not seen. The anterior surface was entirely encapsulated, but the posterior surface was cut across irregularly, and in certain areas, immediately beneath the capsule groups of pancreatic acini were present.
Biologic assay for insulin. The method of extraction used was that of Best, Jephcott and Scott (2) . A portion of the tumor weighing 1.92 grams was extracted, and the volume of extract made up to 20 cc. The assay was done on two rabbits of comparable weight which had been deprived of food for 24 hours prior to injection. As seen from Table I , the extent and duration of hypo- hardly be complete it promptly fell to 44 to 58 mgm. per cent. If, therefore, meals had been delayed, it is reasonable to suppose that the level would have continued to fall until symptoms occurred. Therefore, the condition can be characterized as one of pronounced postabsorptive hypoglycemia in which frequent feedings were necessary to prevent the development of symptoms.
Correlation between the level of blood sugar and the clinical picture. On one morning with breakfast omitted, the patient was observed carefully, and the capillary blood sugar, blood pressure and pulse rate were determined at approximately 10-minute intervals. As seen from Figure 4 It seems that the hypoglycemic syndrome in this patient can be divided conveniently into three stages. The first stage was characterized by drowsiness and a gradually deepening depression. The second stage was ushered in by excitement which progressed into the convulsive seizures of the third stage. During the first stage which lasted for an hour there was no significant decrease of blood sugar compared with that of the period of relative well-being. Even when the second stage was reached, the lowering of blood sugar was slight, if any. It was not until after the convulsions had started that definite further lowering of the blood sugar occurred. From these observations it may be inferred that hypoglycemia has to be maintained for a certain length of time, which in this patient amounted to over two hours, before the central nervous system suffers sufficiently to manifest itself by convulsions. It seems that besides the level of the hypoglycemia, the duration is an important determining factor in the symptomatic manifestations. Unfortunately, our observations did not extend over a sufficiently long period prior to the symptoms to enable us to estimate accurately the duration of the critical level of blood sugar necessary to initiate an attack.
The effect of adrenalin. A detailed study of the blood sugar level and its relation to symptomatic manifestations following the administration of adrenalin is given in Figure 5 . The action of adrenalin was studied further by the simultaneous determination of the venous blood sugar and serum inorganic phosphorus (6) following the administration of this drug both preoperatively and after convalescence from the operation. As shown in Figure 6, List to insulin, marked changes in his mental state. As indicated and shortened in Figure 7 , 600 cc. of 10 per cent solution of The fact that glucose given per rectum in three installments indicated that within a period of one hour did not prevent the the liver or gradual lowering of the blood sugar or the pronversion into gression of drowsiness to the subsequent state of excitement and convulsions. This is a sharp con- Figure 8 and Tables II  and III .
In Figure 8 , the blood sugar curve before operation is seen to deviate from normal in two respects. First, the peak (156 mgm. per cent) was not reached until two hours after the ingestion of glucose. Second, after a normal level had been reached at the end of three hours the curve continued to fall to the level of 51 mgm. per cent at the end of the fourth hour, a low level comparable to that which existed before glucose was administered. It seems that the excess insulin present in the blood stream prevented a more prompt attainment of the maximal level. As soon as this was reached, more insulin was called forth. the gastro-intestinal tract drove the blood sugar down to the low level. The curve obtained after operation was markedly different in that the peak of 214 mgm. per cent was reached in half an hour and a level between 133 and 169 mgm. per cent was maintained during the subsequent 3 hours. The high maximum and sustained hyperglycemia indicate an impaired mechanism for the removal of glucose suggestive of the prediabetic state, although the fasting blood sugar was normal and urinary sugar was absent.
The metabolic rate increased after the administration of glucose, the extent of the increase (specific dynamic action) being greater before (12 per cent) than after operation (8 per cent). During the period of hyperinsulinism the respiratory quotient before glucose (0.883) was higher than normal and went up nearly to unity after glucose administration, while after operation the quotient before glucose (0.765) was lower than normal and rose only to 0.914 during the fourth hour after the ingestion of this substance. The marked lowering of the respiratory quotient after operation indicates the profound changes in the composition of the metabolic mixture brought about by the removal of the pancreatic adenoma.
Prior to operation and during the 4 hours following the ingestion of 170 grams of glucose, 71. 4 From the extensive literature on carbohydrate metabolism reviewed by Cori (4) and Shaffer and Ronzoni (22) , it has become generally accepted that the blood sugar is maintained normally at a concentration of approximately 100 mgm. per cent mainly through the interplay between insulin and epinephrine. A rise in blood sugar elicits a secretion of insulin which accelerates conversion of glucose into glycogen and carbohydrate oxidation in the liver, muscles and presumably all tissues, while a fall in blood sugar is followed by a discharge of epinephrine which increases the rate of hydrolysis of liver glycogen to glucose and conversion of muscle glycogen lactate. The latter is reconverted into glycogen by the liver thereby contributing indirectly to the sugar of the blood. Macleod (18) postulates a sugar regulating center in the pons. Its stimulation by hyperglycemia causes the secretion of insulin by way of the vagus; while hypoglycemia results in sympathetic stimulation and the outpouring of epinephrine. Wauchope (24) has summarized the causes of hypoglycemia under four main headings: First, hyperinsulinism which may be functional, or on the basis of adenoma, carcinoma or hyperplasia of pancreatic islets; or therapeutic, as a result of an overdosage of insulin. Second, lack of opposing hormones, as in Addison's disease, myxedema, and pituitary cachexia. Third, deficient glycogen store due to liver disease (13, 14) , severe exercise, excessive drain (renal diabetes or lactation), or starvation. Fourth, disturbances of the regulating center in the pons (vagotonia).
Before a diagnosis of hyperinsulinism is made, all the other conditions enumerated above should be considered and excluded. This was done in our case without much difficulty. The finding of an adenoma of the pancreas composed of cells of the islands of Langerhans, the abatement of symptoms after excision of the tumor and finally the presence of large amounts of insulin in the biological assay of the tumor tissue established beyond doubt that the anatomical basis of the hypoglycemia in our patient was an islet cell adenoma.
As regards treatment, frequent meals rich in carbohydrate usually suffice to avert the symptoms when these are slight and infrequent. Harris (11) , however, considers that a diet relatively poor in carbohydrate and rich in fat, with moderate protein, is more effective in reducing the production of insulin by the pancreas. Suprarenal extract by mouth was given in three cases as an adjuvant (19) , but it did not appear to offer much advantage over diet alone. Thyroid has been tried without benefit (23) .
For emergency treatment during an attack, epinephrine administered hypodermically and glucose by mouth constitute two potent therapeutic measures. Both act promptly. While glucose has a more lasting effect, epinephrine possesses the advantage of being administered easily during coma or convulsions which may render the ingestion of glucose impossible. It is important to remember that glucose per rectum is ineffective. The effect of levulose is doubtful, and presumably that of galactose as well. Pituitrin, pitressin and ephedrine are unreliable.
When the symptoms persist and increase, surgical attack on the pancreas becomes the treatment of choice. In all cases in which an adenoma has been found at operation and removed, relief from symptoms has been complete. Of the 15 cases without demonstrable tumor (25) in which a partial resection of the pancreas was carried out, improvement was noticed in 5. These were instances in which a large portion of the gland was removed. Graham and Hartmann (9) and more recently McCaughan (17) have advocated subtotal pancreatectomy for cases of hyperinsulinism in which a tumor is not demonstrable. It seems reasonable to believe that, as in the case of the thyroid, satisfactory results may not be obtained unless a subtotal excision of the gland is carried out.
It does not seem necessary to go into the details of surgical technic, as these are available elsewhere (8, 17, 25) . It should, however, be emphasized that exposure must be adequate and exploration of the pancreas thorough, as multiple adenomata were found in four of the seventeen cases reported previously (8, 25) . In our case a long left rectus incision and division of the gastrocolic omentum allowed satisfactory access to the gland. Others have preferred to use a transverse incision (25) or to approach the pancreas by the supragastric route (9) . In instances in which mobilization or partial resection of the pancreas is attempted and serious difficulty is encountered due to hemorrhage from branches of the splenic vessels, we would like to suggest simple ligation of the splenic artery near its point of origin as a satisfactory means of controlling the flow of blood. Experience with this procedure as a substitute for splenectomy in certain instances has convinced us that ligation of this vessel is by no means an indication for subsequent removal of the spleen. SUMMARY A case of chronic postabsorptive hypoglycemia associated with coma and convulsive seizures is reported. On surgical exploration a small tumor of the pancreas was found, the excision of which led to complete relief of the symptoms. The tumor was composed of cells of the islands of Langerhans, and yielded considerably more insulin than normal pancreatic tissue. Detailed studies of the blood sugar and metabolism before and after operation are presented. Evidence 
